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THE FORMATION OF CATION RADICAL FROM ANTHRACENE PEROXIDE
DERIVATIVES IN LIQUID SULFUR DIOXIDE
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Department of Applied Chemistry, Faculty of Engineering,

Osaka University, Suita, Osaka 565

A novel formation of a cation radical from anthracene endo-
percxide in liquid sulfur dioxide was reported. By the reaction
of 9,10-epidioxy~9,10-dimethylanthracene, 9,10-epidioxy-9,10-diphe-
nylanthracene, and 9,10-epidioxy-9-phenylanthracene in liquid
sulfur dioxide, the corresponding cation radicals were formed
immediately. With the use of catalytic amounts of these perox-
ides, the flash polymerization of styrene was accomplished in

liguid sulfur dioxide.

It has been reported before that a cationic polymerization of styrene was
found to take place in the presence of anthracene (Ia) in liquid sulfur dioxide-
oxygen system.l’a) It was presumed that a cation radical (IIIa) of anthracene was
first formed, followed by the formation of styrene cation radical by electron
transfer from styrene to IIIa. Tetraphenylethylene and diphenylethylene were
found to form the corresponding cation radicals in the same reaction conditions,z)
and at that time it was suggested that the cation radicals were produced by the
direct transfer of an electron of the hydrocarbon to the oxygen molecule in liquid
sulfur dioxide.

During the course of the investigation on this interesting behavior, we
noticed that the ionization potential of hydrocarbon has no relation with the
formation of cation radical and the ability to polymerize styrene in this system.
Only anthracene and phenyl-substituted alkenes can serve for these unique reac-
tions.a) These hydrocarbons are well known to react with singlet oxygen forming

3)

cyclic endoperoxides (II) as the stable compound or an intermediate.
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In order to check the possibility that the endoperoxide (II) of an aromatic
hydrocarbon (I) works as the precursor of the cation radical, reaction of 9,10-
epidioxy-9,10-diphenylanthracene (IIe) was undertaken in liquid sulfur dioxide in
the absence of oxygen. When IIe (10 mg, 2.8 x lO_Bmmol) was dissolved in 5.5 ml
of liquid sulfur dioxide, 9,10-diphenylanthracene cation radical (IIIe) was found
to form immediately by the measurement of uv spectrum, xmax; 717, 650, 590 and
550 nm. The maximum yield of IIIe, which was measured by the absorption of >\max
717 nm, was 20 %. From the reaction mixture 9,10-diphenylanthracene (Ie) was
isolated in 40 % yield after two day reaction. Esr spectrum of IIIe was also
observed having 41 splittings and aH(o):aH(p)=O.42G which was identical with
that obtained by the reaction of IIe with sulfuric acid in n-hexane by Weeler,

)

Sauthanam, and Bird. From 9,10-epidioxy-9,10-dimethylanthracene (IIc) and 9,10-

epidioxy-9-phenylanthracene (I1Id), the corresponding cation radicals (ITII) were

also obtained in the same reaction condj_tions.5)

seOLANNs 5

CH0 —— CCC

a: R=R'=H, b: R=CH3z, R'=sH, c: R=R'=CHz, d: R=CeHs5, R'=H, e: R=R'=CeHs
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The polymerization of styrene was observed by the reaction with catalytic
amounts of IIa, IIb, and IIc, respectively, in liquid sulfur dioxide in the

6)

absence of oxygen. When, for example, the mixture of 2.1 x lO_2 mmol of ITIc

and 8.0 mmol of styrene in 5.0 ml of sulfur dioxide was kept at 0°C for 10 min in

the glass pressure bottle, polystyrene was obtained quantitatively with no contam-

ination of polysulfone.7)
Considering these results, we reexamined the polymerization of styrene in the

aromatic hydrocarbon-oxygen-sulfur dioxide system and found the necessity of light

for this reaction. In the dark styrene did not polymerize at all and the polymer-

ization was clearly accelerated by the irradiation of light. When the solution

of 5.6 mmol of styrene, 1.3 x 10_1 mmol of Ta, and 15 ml of oxygen in 4.0 ml of

sulfur dioxide was irradiated with a 300-w incandescent lamp from distance of 20

cm at 0°C for 1 hr, 88 % yield of polystyrene was obtained.a)
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